Background: The impact of intimate partner violence (IPV) on postpartum depression (PPD) has been reported in various countries by many studies. However, the association between IPV and PPD in Japan has been scarce. In addition to the limited number of research on the relationship between IPV and PPD, the number of women seeking help from IPV support centers has been steadily increasing in Japan. Hence, it is of interest to explore the relationship between IPV during pregnancy and PPD in Japan.
inTrODUcTiOn Postpartum depression (PPD) is a major depressive disorder that occurs during pregnancy or within 4 weeks of delivery (1) with a worldwide prevalence of approximately 10-15% (2) . PPD is a serious obstetric complication that can increase the risk of suicide, and suicide accounts for 28% of maternal deaths that occur during pregnancy and 42 days after delivery (3) (4) (5) . It is also well known that the condition has adverse effects on children that are attributable to poor parenting, such as child abuse and neglect (6) , mothers' impaired interactions with their infants [e.g., less vocal and visual communication, less smiling (7), being less sensitively attuned to their infants' needs (8) , or early discontinuation of breastfeeding (9)]. Other research has highlighted the long-term influence of PPD on children, such as an association between PPD and an increased risk of children's emotional problems, as well as externalizing behaviors in later life (10) . Thus, PPD should be considered as a detrimental perinatal health complication for childbearing women and those after childbirth that could negatively affect both mothers and children.
Investigating risk factors for the development of PPD is vital to its prevention. In fact, several risk factors have already been identified, such as being a single mother (11) , low socioeconomic status (11) , adverse life events (12) , unwanted pregnancies (13) , and intimate partner violence (IPV) during pregnancy (14) (15) (16) (17) (18) . Of these risk factors, very little research on the association between IPV during pregnancy and PPD has been reported in Japan, even though a positive association between the two has been shown in other countries (15) (16) (17) (18) (19) . Although the association between IPV and PDD was reported in several countries, as public health system factors can influence both IPV and PPD (20, 21) , the degree of impact of IPV on PPD may differ. Furthermore, although a longitudinal study in Japan reported that IPV during pregnancy was associated with PPD (19) , the sample size of this study was relatively small. Therefore, it is important to investigate the relationship between IPV and PPD using a larger sample size. Furthermore, a report from the Japanese government states that the number of women seeking help from IPV support centers has been steadily increasing (22) , even though the 15% prevalence of IPV in Japan (23) is relatively low (20, 24) . Thus, using a large number of subjects, we aimed to investigate the association between IPV during pregnancy and PPD in Japan.
PaTienTs anD MeThODs

Participants and Procedures
In Japan, municipal governments are responsible for promoting maternal and child health based on the Maternal and Child Health Act, including health checkups for children. All municipalities in Aichi, Japan, were recruited in this study. Of the 54 municipalities, 45 municipalities including Nagoya city, the prefectural capital of Aichi, agreed to participate in this study. The target sample were mothers (N = 9,707) who enrolled in a 3-or 4-month infant health checkup program conducted by municipal governments at public health centers from October to November 2012. The participation rate of women in the checkup program was 97.9%, and 6,590 women responded to the 4-page questionnaire, which collected information on demographics, the woman's personal situation during pregnancy including IPV, PPD, and other social support (the overall response rate was 68%, with each center's response rate ranging from 24.2 to 81.0%). The questionnaire was collected as follows: for 34 municipalities, the anonymous questionnaire was sent out to each participant via mail prior to the checkup, and the completed forms were collected at the checkup sites; for the remaining 11 municipalities, the questionnaire was distributed at the checkup sites and the participants mailed their completed forms back to the health center.
assessment of iPV during Pregnancy
Intimate partner violence during pregnancy was assessed based on two questions in the questionnaire: one question focused on verbal IPV and the other on physical IPV. The question on verbal IPV was: "Have you been verbally humiliated or yelled at by your partner during pregnancy?" The question on physical IPV was: "Have you been slapped or beaten up by your partner during pregnancy while having a fight?" Four response items were used for these questions: (1) "never, " (2) "a few times, " (3) "sometimes, " and (4) "often. " These questions on IPV were originally created specifically for this study, that is, they were not validated before the study. However, the questions were developed based on the revised Conflict Tactics Scale (25) , and to minimize the burden on participants, only two questions were developed.
assessment of PPD
Postpartum depression was evaluated using the Edinburgh postnatal Depression Scale (EPDS), a 10-item questionnaire with a total score ranging from 0 to 30 (26) . The EPDS is the most widely used self-report questionnaire to screen PPD (27) , and various cutoff scores have been used in different studies (21, 28, 29) . The current study used the cutoff score of 9 or more, based on one study which investigated the reliability and validity of the EPDS among women in the postnatal and control groups in Japan, and showed that sensitivity is 75% and specificity is 93% when using the cutoff score of 9 or more (30) .
covariates
The following covariates were also assessed in the questionnaire: maternal age, marital status (i.e., married, unmarried, divorced, widowed, or others), whether expectant mothers had someone who supported them during pregnancy, maternal depressive symptoms (i.e., experiencing insomnia, being irritated, crying easily, or not being motivated to do anything for 2 weeks or longer) during one year prior to the diagnosis of pregnancy, maternal history of mental disorders (i.e., one question asked if women had previously been diagnosed with a mental illness or had received treatment for a mental illness before getting pregnant), subjective economic status (i.e., stable, able to manage, difficult to manage, or unstable), maternal and paternal employment status (i.e., working full-time, working part-time, or not working, which includes unemployed status, housewives, and students), sex of the child, whether the child is the mother's first, low birth weight, preterm, maternal smoking history, maternal drinking history, and history of miscarriage and termination of pregnancy. Of the women enrolled in the infant checkup program, those who responded to the EPDS were used for the analysis in this study (N = 6,534). Regarding the physical IPV variable, due to the small number of participants who answered "sometimes" and "often" (i.e., sometimes = 19, often = 6), these numbers were collapsed into the analysis. Associations between IPV during pregnancy and PPD were assessed by multiple logistic regression analysis adjusted for covariates. Paternal age was omitted as a covariate because of a high correlation with maternal age (r = 0.68). In addition to the crude model, three adjusted models were employed. Model 1 was adjusted for covariates on demographic and social characteristics, that is, maternal age, marital status, whether expectant mothers had someone who supported them during pregnancy, maternal depressive symptoms during one year prior to the diagnosis of pregnancy, maternal history of mental disorders, subjective economic status, and employment status for mothers and fathers. Model 2 was further adjusted for covariates in model 1 plus perinatal covariates, that is, sex of the child, first child, low birth weight, preterm, maternal smoking history, maternal drinking history, and history of miscarriage and termination of pregnancy. Finally, model 3 was adjusted for covariates in model 2 plus both verbal and physical IPV simultaneously. A p-value <0.05 was considered to be statistically significant. All analyses were performed using the STATA/SE 13.1 software package (STATA Corporation, College Station, TX, USA).
resUlTs
Demographic Data
Participants' demographic data are shown in Table 1 . Mean maternal age was 31.37 years, and around 88% of women were aged from 25 to 39. Mean paternal age was 33.32 years, and around 82% of men were aged from 25 to 39. Of the 6,534 women, 6,414 (98%) were married. Regarding subjective economic status, 734 (11%) considered their finances to be "difficult to manage" or "unstable. " When asked if women had experienced depressive symptoms during one year prior to the pregnancy, 955 (15%) 
iPV during Pregnancy and the ePDs score
Regarding verbal IPV during pregnancy, 436 women (6.7%) reported frequency of verbal IPV as "a few times, " 243 (3.7%)
reported "sometimes, " and 35 (0.5%) reported "often. " As to physical IPV during pregnancy, 53 women (0.8%) answered with "a few times, " and 25 (0.4%) answered "sometimes" or "often. " The distribution of the EPDS score showed that 623 women (9.5%) scored 9 and above, and therefore, this group could be considered to have PPD. 
The association between iPV during Pregnancy and PPD
The association between verbal and physical IPV is shown in Table 2 . Among those women who were physically abused a few times during pregnancy, 79.3% also reported being verbally abused at least a few times. Of those who were physically abused sometimes or often, 84.0% reported to be verbally abused at least a few times. These results suggest that both forms of IPV were highly comorbid. Table 3 shows the association between IPV during pregnancy and PPD. The crude model showed that partners' verbal and physical abuse was significantly associated with PPD (both p < 0.001). Adjusting for covariates on demographic and social characteristics in model 1 produced significant results with the same trend remaining for both types of IPV. In model 2, which was further adjusted for perinatal covariates, significant results with the same trend were confirmed [verbal IPV: odds ratios (ORs) for "a few times": 2.25 (95% CI, 1.70-2.96), OR for "sometimes": 2.79 (95% CI, 2.00-3.89), and OR for "often": 4.85 (95% CI, 2.23-10.55); physical IPV: OR for "a few times": 2.74 (95% CI, 1.42-5.25), and OR for "sometimes or often": 7.05 (95% CI, 2.76-17.98)]. All results for the p for trend showed <0.001. Model 3 was adjusted for the same covariates used in model 2, plus both verbal and physical IPV. The results remained significant with the same trend, although ORs were attenuated for physical IPV.
DiscUssiOn
To the best of our knowledge, this is the first study investigating the relationship between IPV during pregnancy and PPD using a large number of subjects in Japan. Consistent with previous research conducted in Japan (19) and studies from other countries (15) (16) (17) (18) 31) , the current study showed the association between verbal or physical IPV and PPD. These tendencies remained after being adjusted for possible covariates.
The present study has several limitations. First, this study is cross sectional, which means that recall bias for IPV during pregnancy is unavoidable. Thus, it is not possible to determine the causality between IPV and PPD. It is possible that antenatal IPV contributed to the development of PPD, or women with a higher risk of developing PPD tend to have abusive partners. Second, we did not assess the EPDS score during pregnancy. Because of this, we could not exclude women who simply had PPD and thus scored 9 and above in the EPDS at 3 or 4 months postpartum. This may have caused an overestimation of the impact of IPV during pregnancy on PPD. Third, even though the EPDS is the most widely used screening instrument (27) , it is not a diagnostic tool for PPD. Hence, the criteria for PPD used in this study would be less precise than the clinically used criteria, pregnancy seems to have a more devastating outcome than verbal IPV, as verbal abuse during pregnancy does not leave any visible trauma on pregnant women and their unborn children directly. However, a study in the United States asserted that psychological abuse has a negative emotional influence on relationships that is as damaging as physical abuse (35) . In addition, it has been revealed that psychological abuse almost always precedes physical abuse (36) . Similarly, our study found that verbal and physical IPV were highly comorbid. Together with findings from previous research, our study highlights the importance of early detection of IPV, including verbal IPV, which is likely to occur before physical IPV, in order to minimize or prevent negative consequences such as PPD.
eThics sTaTeMenT reFerences (24, 32) , the current study used original questions to assess IPV during pregnancy. This makes it harder to directly compare our results with previous research on the same dimensions. Fifth, other possible risk factors for both IPV and PPD, such as disability (33), were not assessed in this study, thus current findings may not be causal. Despite these limitations, the current study offers some insights into the significant influence of both verbal and physical IPV during pregnancy on PPD. Regular screening for antenatal IPV by public health nurses could identify those women who need further support, such as referral to women's guidance centers for confidential advice and support. In Japan, most pregnant mothers are supposed to register their pregnancy at a public health center, and public health nurses can later visit their home if needed. Thus, through this system, it is possible to screen IPV status during pregnancy during a visit by a public health nurse, who can then provide a referral to support services. An evaluation of the effectiveness of this intervention to reduce PPD prevalence is needed. Further, one direction for future research would be to conduct another longitudinal study to infer the causal relationship between IPV and PDD. Assessing expectant mothers with the EPDS might improve the evaluation of the impact of IPV during pregnancy on PPD. In addition, it might be possible to determine the precise number of women with PPD by using both the EPDS and DSM-V. Using validated questionnaires such as the DHS, IVAWS, or the one used in WHO study (24) would help to directly compare the current findings with previous research.
Our findings have some significant clinical implications on PPD and its prevention. As the experience of verbal or physical IPV during pregnancy may increase the likelihood of PPD onset, healthcare providers should screen women for IPV during pregnancy to identify those at a higher risk of developing PPD due to IPV, such as during home visits by a public health nurse. As previous research has shown that treating depressed mothers during pregnancy can prevent depression after childbirth (34) , PPD screening during pregnancy should be acknowledged as a feasible and promising preventative intervention. That is, establishing PPD-screening programs and offering proper support for women in need could help improve women's perinatal mental health and emotional wellbeing.
That physical IPV during pregnancy had a stronger impact on developing PPD than did verbal IPV gives us some insights into the relationship between IPV and PPD. Physical IPV during
